Microbial life in the harsh conditions of Antarctica's cold desert may be considered an analogue of potential life on early Mars. In order to explore the development and survival of this epilithic and endolithic form of microbial life, our most sophisticated, state-ofthe-art visualization technologies have to be used to their full potential. The study of any ecosystem requires a knowledge of its components and the processes that take place within it. If we are to understand the structure and function of each component of the microecosystems that inhabit lithic substrates, we need to be able to quantify and identify the microorganisms present in each lithobiontic ecological niche and to accurately characterize the mineralogical features of these hidden microhabitats. Once we have established the techniques that will allow us to observe and identify these microorganisms and mineral substrates in situ, and have confirmed the presence of water, the following questions can be addressed: How are the microorganisms organized in the fissures or cavities? Which microorganisms are present and how many are there? Additional questions that logically follow include: What are the existing water relationships in the microhabitat and what effects do the microorganisms have on the mineral composition? Mechanical and chemical changes in minerals and mineralization of microbial cells can give rise to physical and/or chemical traces (biomarkers) and to microbial fossil formation. In this report, we describe the detection of chains of magnetite within the Martian meteorite ALH84001, as an example of the potential use of SEM-BSE in the search for plausible traces of life on early Mars.
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Background
The term biocomplexity has recently been used with reference to the study of an ecosystem at the highest level. The analysis of an ecosystem or a microecosystem, which is performed at a scale of hundreds of cubic microns, requires knowledge of its components and their dynamic interrelations. The great scientific interest in exploring the ecology of Antarctic, lithobiontic microorganisms may be attributed to the fact that they are the only known form of life able to withstand the conditions of this extremely cold and dry macro-and micro-environment of our planet.
Microbial ecology studies in the Dry Valley area of the Ross Desert (Antarctica) commenced in 1976, when E. I. Friedmann and R. Ocampo reported their observation of cyanobacteria (i.e. Gloecapsa) within the Beacon sandstone [10] . This demonstration of the presence of indigenous microbiota colonizing the inside of Antarctic desert rocks was a landmark eventin extreme environment microbial ecology. Since then, several species of endolithic cyanobacteria, fungi and protolichens have been described [see review in 25]. Scientific interest in these lithobiontic microorganisms may be ascribed to several reasons. First, the Antarctic Dry Valley desert zone represents the most hostile lithic environment for the survival of living organisms on Earth. Under the extreme low-temperature conditions of some areas of the Ross Desert (mean annual temperature -25°C), the metabolic activity of endolithic microorganisms can only be sustained for a couple of days per year [11, 12] . However, although scarce, the occasional presence of liquid water in this ecological system is the primary condition for the existence of life in Antarctica [15] . When the delicate balance of biological, geological and/ or climatic factors is upset and microbial life decays, the presence of microbial fossils [27] and/or biomarkers [28] can indisputably indicate the previous existence of life. The ability to recognize these fossils and the biomarkers left behind may have important astrobiological implications. It has been suggested that the endolithic microbial ecosystems of the Antarctic desert are the closest terrestrial models of the last stages of life on early Mars [16] . Indeed, the microbial ecology of these lithobiontic, extremophile microorganism communities could provide clues to answering the challenging question of how life (if ever present) became extinct on Mars. In the near future, the scientific community will be given the opportunity to search for traces of past microbial activity in carefully selected samples from the Martian regolith. It is therefore extremely important that we improve our knowledge of the microbial ecology of Antarctic desert endolithic communities, so that we are able to confidently identify live microorganisms and their traces. According to Conrad and Nealson [5], when we can easily recognize life in Earth's environments, we will be prepared to move beyond the confines of our planet.
How should we approach the study of Antarctic lithobiontic microorganisms?
Given the complexity of cold desert ecosystems, and considering that microbial ecology involves the study of the relationships that microorganisms have with their natural environment, these investigations need to be performed in the natural lithobiontic microhabitat. T. D. Brock [4] , who defined microbial ecology as the study of microorganisms in their natural environment, proposed that the investigator should work on microorganisms in situ. Our interpretation of this is that the epilithic or endolithic microhabitat must not be disturbed. The study of microorganisms adhered to or found inside a rock presents enormous difficulties. Nevertheless, the biological and mineralogical components of the microhabitat in each lithobiontic ecological niche [14] need to be precisely characterized in order to understand the range of dynamic relationships among them. If the microorganism-substrate interface is examined using appropriate in situ observation techniques, we should be able to morphologically characterize the biological elements present and also observe their ultrastructure. It should also be possible to characterizeat the morphological and structural levels -minerals close to the microorganisms, to give us some idea of how the interface functions. In lithic substrates, the study of each lithobiontic ecological niche requires the ability to quantify and identify the microorganisms present and to characterize the mineralogical features of the microhabitat in order to understand the structure and function of the microecosystem. This may be achieved using a series of new techniques of in situ observation of microorganisms and mineral substrates. Based on our experience in the in situ study of lithobiontic microorganisms [e.g. 25], we strongly recommend the following microscopy (and microanalysis) techniques: scanning electron microscopy with back-scattered electron imaging (SEM-BSE) combined with an energydispersive X-ray spectroscopy (EDS) microanalytical system, low-temperature SEM (LTSEM) and confocal laser scanning microscopy (CLSM).
Scanning electron microscopy with back-scattered electron imaging combined with a microanalytical system
The SEM-BSE method consists of two steps. The first is sample preparation, which involves fixing the rock fragments in glutaraldehyde, staining with osmium tetraoxide and/or uranyl acetate, and preparing finely polished blocks containing the samples embedded in resin [22] . In the second step, a transverse section of the carbon-coated biological-mineralogical sample is observed using the BSE detector. The BSE signal is strongly dependent on the mean atomic number of the target. Thus, the SEM-BSE technique not only permits visualization of samples with different inorganic features but also allows heavy-metal-stained ultrastructural elements to be identified in the biological material. Coupling of an EDS facility to the SEM-BSE instrument permits the chemical characterization (qualitative and quantitative determination of elements and elemental spatial distribution images) of mineral features [23, 24] . Figure 1a , b, Fig. 2a-g, and Fig. 3a-d are SEM-BSE images of lithobionts and their mineral substrates in Antarctic rocks.
Confocal laser scanning microscopy
The ability to clearly visualize endoliths using CLSM suggests its suitability for in situ microbial ecology studies of such difficult habitats. Community structure and relationships between their components may also be examined using ''live-dead'' microbial stains and fluorescent probes. Figure 1d shows a CLSM image of a cryptoendolithic protolichen from Antarctic sandstone. Moreover, information on the spatial distribution of the microorganism's cells may also allow an estimate of the number of microorganisms occupying a particular pore volume in any type of rock or environment. In the future, it may also be possible to combine CLSM with fluorescent in situ hybridization (FISH) to identify different groups of microorganisms inside the rock. So far, the direct PCR-amplification of the internal transcribe spacer (ITS) regions of rDNA from an endolithic fungi has been achieved and the results compared with that of the mycobiont of the closest epilithic lichen thallus (A De los Rios, C. Ascaso, H. Grube, Mycological Research. 106, 2002. In Press) .
